There are minimal data on methods to measure and improve quality in image interpretation when reporting cardiovascular imaging studies. We sought to identify the feasibility and clinical utility of a nationally implemented quality assurance (QA) process.
Introduction
The concept of quality improvement in cardiovascular imaging encompasses laboratory systems and policies to ensure appropriate use of imaging, accurate acquisition and interpretation in order to optimize patient outcomes. 1 Individual certification schemes have been developed to ensure that practitioners are competent at acquiring and reporting studies. Laboratory accreditation aims to ensure that adequate facilities, personnel, policies, and procedures are in place to facilitate a high quality clinical service, including the need for an established in-house quality assurance (QA) programme. 2, 3 Appropriateness criteria for echocardiography have also recently been published. Several investigators have identified the clinical utility and prognostic value of implementation of these criteria. 4, 5, 6 There is much less clarity over what represents a robust QA system, although the American Society of Echocardiography and European Association of Cardiovascular Imaging have recently published recommendations 3, 7 Reduction of physician/sonographer inter-observer variability is important both for accuracy, and for long-term follow-up of chronic disease in particular valvular heart disease to determine timing of surgery 8 and patients require serial cardiac monitoring of left ventricular function (such as those undergoing trastuzumab therapy). Inter-observer variability of 14% for determination of left ventricular (LV) ejection fraction and concordance of between 58 and 92% for determination of diastolic class have been reported. 9, 10 The Intersocietal Accreditation Commission has assessment of inter-observer variability within its accreditation scheme.
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The British Society of Echocardiography (BSE) introduced a dual component QA process for accredited echocardiography departments in 2011. The objective of this initiative was to provide an arena for formative assessment of echocardiographers' interpretative skills and use this assessment to define areas for further professional development. The second aspect of the QA process was to provide a central electronic repository to promote and act as a stimulus to further on-going locally organized QA and audit activity. Currently, there are no data which describe the organization, feasibility or clinical utility of a QA process in cardiovascular imaging.
Methods

QA module
The BSE QA module is an electronic, web-based platform. All individuals within accredited departments are invited to participate in a module twice a year. Each module consists of a series of five multiple choice questions based on echocardiographic images randomly allocated from the central BSE database (Figure 1) . Each of the possible answers to the multiple choice question is graded as green, yellow, or red. The green answer is correct, amber is correct but could be refined and red is incorrect. The reason for the amber classification is that in echocardiography, particularly with visual interpretation of structures or valves, there may be some debate even amongst expert readers about the exact severity or nature of pathology. There is a time limit of 10 min for each question.
Question database
A series of 78 questions based on the BSE core curriculum was formulated. 12 
Individual echocardiographer participation
Access to the QA module is available to accredited departments for 1 month. Individual echocardiographers are e-mailed to inform them of the module opening and closing dates. The scores are made available to a designated QA lead in each department. The QA lead is responsible for identifying echocardiographers who have incorrectly answered questions and formulating an action plan which is uploaded onto the QA module. The plan utilized the module to identify areas of echocardiography where an individual echocardiographer needs development and further continuing professional education.
Statistics
Data are reported as median and inter-quartile range or number and percentage. The x 2 test was used to compare categorical variables. When the number of categorical variables was less than five the Fisher exact test was used. All tests of significance were two sided. A probability value (P) of ,0.05 was considered significant. Statistical analysis was performed using StatsDirect Version 2.5.7 (StatsDirect, UK).
Results
A total of 27 echocardiography departments have BSE laboratory accreditation in the UK. A total of 193 echocardiographers [median of 8 (inter-quartile range 6 -11] per department) were registered to participate in the QA programme. A total of three QA modules have been delivered since 2011.
Temporal trends in utilization of the QA module
The proportion of BSE accredited departments using the QA module has increased from 14 (52.2%) in the first module to 22 (81.5%) in the third module. The number of echocardiographers registered to participate in the QA modules increased from 77 in the first module to 193 in the third module ( Table 1 ). The number of registered echocardiographers who actually participate increased from 74 in the first module to 159 in the third module. However, the proportion of registered users to those actually taking the module dropped from 96.1% in the first module to 82.4% in the third module.
QA module results
Overall, 1745 (99.1%) questions out of a possible 1760 questions were answered over the 3 QA modules. There was no significant change in the proportion of incorrect answers (6%) between the first module and the last module (8.2%), P ¼ 0.8 ( Table 2) . There was no significant change in the proportion of correct answers between the first module (88.9%) and the third module (82.8%), P ¼ 0.3. On an individual basis, the number of echocardiographers with at least one incorrect answer increased from 16 (21.6%) in the first module to 54 (34%) in the third module, P ¼ 0.03.
Temporal trends in departmental performance
There was no significant change in the proportion of echocardiographers per department who participated in the QA modules [(mean 80.8, 79.4 and 78.1% in the first, second, and third modules, respectively), P ¼ 0.36]. There was a significant increase in the proportion of echocardiographers per department with at least one incorrect answer [(mean 16.6, 24.5, 35.4% in the first, second, and third modules, respectively), P ¼ 0.04]. 
Quantitative versus qualitative assessment
Overall, in valvular heart disease cases there were 36 (10.6%) incorrect responses where qualitative assessment of the severity of valve dysfunction was tested compared with 4 (3.6%) incorrect responses where quantitative assessment of valve dysfunction was tested, P ¼ 0.04 (Table 3 ). In chamber quantification there were 36 (6.8) incorrect responses where qualitative assessment of chamber function was tested compared with 3 (2.1%) incorrect responses where quantitative assessment of chamber function was tested, P ¼ 0.04 (Table 4) .
Professional development/action plans
The proportion of echocardiographers with at least one incorrect answer who had an action plan set up initially increased from 8 (50%) in the first module to 34 (97%) in the second module. This decreased in the third module to 25 (46%) ( Table 4 ). The proportion of echocardiographers with an action plan who completed the plans learning objectives increased from 6 (75%) in the first module to 24 (96%) in the third module.
Local departmental QA
Nine (33.3%) departments had used the electronic repository to document their local QA activity [median 4 episodes per department (inter-quartile range 1 -11]. The majority of these were clinical review meetings.
Discussion
This is the first study to examine the feasibility and clinical value of incorporating a nationally led quality improvement programme into echocardiography departments which focussed on image interpretation and variability. Our results demonstrate that the incorporation of the programme into clinical practice of an echocardiography can be achieved rapidly. In less than a year the proportion of eligible departments utilizing this voluntary programme increased from 52 to 82%. Furthermore, there was a steady increase in the number of echocardiographers using the QA modules. There are a range measures which are recognized as key principles in providing a high quality and consistent echocardiography practice. These include individual and laboratory accreditation and use of appropriateness criteria. 1 echocardiography. This may be because precise standards and recommendations have until recently not been published. 3, 7 There is general agreement that a QA programme in echocardiography should contain the following elements: regular echocardiography review meetings, systematic re-reading of echocardiographic reports for accuracy, departmental benchmarking exercises for common pathology such as a valvular regurgitation and ventricular function, and a method of feedback and remediation. The BSE QA module is not designed to supplant existing departmental processes, but rather to complement them. The outcome of approaches to quality improvement has not been described.
One of the strengths of our programme is the ability for individual echocardiographers to quantify valve dysfunction or chamber function against standardized images. The modules used both images requiring only qualitative interpretation and images with quantitative data included. We identified a significant difference in the performance of echocardiographers when comparing the two. Correct quantification of both valve dysfunction and chamber function were significantly improved when quantitative data were supplied compared with when only qualitative interpretation were used.
Indeed, recent data have shown that qualitative interpretation of LV ejection fraction by visual estimate has a high inter-observer variability (14%) even in an academic centre. 9 A tutorial review of reference cases reduced the inter-observer variability to 8%. When quantitative methods were used the inter-observer variability was significantly less (6%). Teaching sessions reduced the variability of interpretation of these studies to 3%. Therefore, we propose our QA programme as a method to assess variability in interpretation against a reference standard and use the questions/answers as teaching materials to reduce variability. In our study, approximately a third of echocardiographers had at least one incorrect answer when compared with expert opinion. This highlights the value of the programme in identifying areas of practice where an individual echocardiographer requires further development. The number of echocardiographers with an incorrect answer increased during the study. Although purely speculative, it is possible the first cohort of centres who joined the QA scheme may have already had internal QA processes in place, whereas centres who joined the scheme subsequently did not.
Reassuringly, a large proportion of these echocardiographers went on to formulate and complete an action plan to improve the skills and knowledge in the area identified. The optimal method of improving echocardiographic interpretation skills is not well defined. As previously mentioned, a teaching course with standardized images can reduce inter-observer variability. 9 The effect of online casebased learning, guidelines, journal review articles, and conference attendance have not been critically evaluated but are likely to all form a part of the improvement process. 11 Only a third of centres used electronic repository to document their local QA activity. This is disappointingly low. Further investigation should be directed to examine the range and quality of local QA undertaken. Potential future applications of the QA programme include identifying inter-departmental variability and tracking changes over time. This provides an infrastructure for departments to benchmark their performance against national averages. We propose that quality standards for laboratory accreditation should include QA benchmarks. These could include the proportion of echocardiographers per department who participate in the QA modules, echocardiographic interpretation variability markers, and the proportion of echocardiographers who completed personal development plans.
A limitation of this study is the effect of quality programme on an individual subsequent performance in the interpretation of echocardiographic images, has not been examined. Future studies with longitudinal follow-up of an individual's scores will be possible once the programme has completed several more cycles. The QA programme was only made available to echocardiography departments with laboratory accreditation and therefore only 27 departments were involved. However, the clinical value is likely to be similar in other laboratories.
Conclusion
The incorporation of a national cardiovascular imaging QA programme is feasible with relatively rapid uptake. The platform allows comparison of an individual's interpretation skills against a reference standard which can be used as a training tool, a method to identify inter-observer variability and as an aid to allow the identification of further learning objectives. It also permits the documentation of on-going local departmental QA activity.
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